Local changes in blood flow at the subcutaneous injection site of the proteinase inhibitor aprotinin and its diluent were measured by photoelectric plethysmography. Aprotinin, but not its diluent, caused local hyperaemia in five normal subjects and in five stable and five brittle insulin-dependent diabetic patients, local blood flow increasing by 80%-180%. The duration of the hyperaemic response was shorter in the brittle diabetic patients than in the other two groups, but there was wide individual variation. Aprotinin is known to enhance subcutaneous insulin absorption in normal subjects and in some brittle diabetic patients. The basis for this might be through increasing blood flow near the injection site rather than by inhibition of insulin breakdown.
Increased subcutaneous insulin degradation is thought to be responsible for very rare cases of massive subcutaneous insulin resistance, in whom increased insulindegrading activity has been demonstrated in subcutaneous adipose tissue [1, 2] . In one case, the insulin-degrading activity was inhibited by the proteinase inhibitor aprotinin [2] . Brittle diabetic patients have an unpredictable response to subcutaneous insulin with wide swings in metabolic control and often show variable resistance to subcutaneous insulin [3] . Significant improvement in glycaemic control by intravenous [4, 5] or intramuscular [3] insulin delivery in these patients suggests that they may have a barrier to the absorption of subcutaneous insulin. This barrier has been attributed to subcutaneous insulin degradation following the observation that aprotinin lowers glycaemic levels and insulin requirements in some but not all brittle diabetic patients [5] [6] [7] [8] . The insulin-degrading activity of subcutaneous fat biopsy specimens from brittle diabetic patients is not greater than in stable diabetic patients [9] . This suggests that aprotinin, where effective, does not improve subcutaneous insulin absorption by inhibiting insulin degradation and raises the question of an alternative mechanism of action. This paper reports the local hyperaemic action of aprotinin at the site of its subcutaneous injection in normal subjects and in stable and brittle insulin-dependent diabetic patients.
Subjects and Methods
Five non-obese, non-diabetic subjects (three male and two female, aged 24-29 years), five stable insulin-dependent and five brittle insulin-dependent diabetic patients were studied. The clinical features of the diabetic patients are shown in Table 1 . All brittle diabetic patients had unpredictable swings in blood glucose and ketone bodies even under supervised and optimised subcutaneous insulin treatment. They also had frequent emergency hospital admissions. No subject had any illness other than diabetes or any evidence of cardiovascular or vasospastic disease and, apart from insulin for the diabetic patients, was taking no medication. Two of the brittle patients had received insulin-aprotinin mixtures therapeutically before referral to Guy's Hospital but had improved clinically. Because of the risk of anaphylaxis [6] , we did not attempt to treat any of the other diabetic patients with insulin-aprotinin mixtures. The study was approved by the local Ethical Committee and all subjects gave informed consent.
Photoelectric Plethysmography
This technique is reviewed by Challoner [10] and has been used previously by us to investigate changes in blood flow close to subcutaneous injection sites [11] . Light shone through the skin from a source in the photoelectric plethysmographic probe is reflected, scattered and absorbed, especially by red blood cells in the illuminated skin and subcutaneous tissue. Its emergent intensity, measured by a photo-detector in the probe, has been shown to be directly proportional to the total blood flow in the illuminated tissue. Changes in the photoelectric plethysmographic signal amplitude reflect changes in blood flow, although absolute measurements cannot be made [t 0].
Protocol
All subjects had breakfast, having avoided tea, coffee, cocoa, alcohol and tobacco for at least 12 h before the test. The diabetic patients had a Insulin given by continuous subcutaneous infusion. Hyperglycaemia was blood glucose > 15 mmol/1 and hypoglycaemia was blood glucose < 3 mmol/1 accompanied by symptoms their usual morning dose of insulin at a site away from the areas of investigation. Experiments were carried out in a quiet room maintained at 22 ~ ~ (maximum temperature variation during a single study < 1 C~ Subjects lay supine with skin temperature probes (Ellab, Stockholm, Sweden) taped lightly to the exposed abdomen, during an initial equilibration period of at least 45 min. When the abdominal skin temperature had become stable, two symmetrical areas of similar temperature (+ 0.5 ~ were chosen on either side of the abdomen, avoiding obvious lipodystrophy, scars and signs of injection trauma. Photoelectric plethysmographic probes (PH7A with a PAl3 Photopulse Adaptor, Medasonics, California) were then attached securely to each area with adhesive tape.
Baseline traces were recorded immediately and 10-15 rain later. A fingerprick capillary blood sample was then taken from the diabetic subjects for determination of the plasma glucose by the glucose oxidase method (Analox GM automatic analyser; Analox Instruments, London, UK). Aprotinin (0.15 ml; Trasylol, Bayer, FRG; 20,000 kallidogenase-inactivating units/ml) was then injected as close as possible to one probe and 0.15 ml of Trasylol diluent (0.9% v/v benzyl alcohol in isotonic saline) simultaneously beside the other. All injections were given with 9.5 mm 26 G needles pushed in vertically to their full depth.
Skin and room temperature were recorded every 5 rain and photoelectric plethysmographic traces of 1-2 min duration were taken from both injection sites at 2, 5, 10, 15, 20, 30, 45 and 60 min after the injections. Capillary blood samples were taken at 30 and 60 min after injection in the diabetic patients.
To assess the reproducibility of the photoelectric plethysmographic response to aprotinin injection, a male non-diabetic subject was subsequently examined on four separate occasions using the same protocol, and the coefficient of variation of the change in signal amplitude was determined at each time-point.
Data Analysis
Changes in blood flow at aprotinin and diluent injection sites were calculated from the difference between the mean photoelectric plethysmographic signal amplitude (over 50 successive pulses) during the two baseline periods and at each time-point after injection, expressed as a percentage of the baseline value. Statistical evaluation of differences was made by the Wilcoxon rank sum test. Results are expressed as mean + SD.
Results
There were no significant differences between the three groups with respect to room temperature or initial skin temperature (non-diabetic subjects: 32.5 + 0.7 ~ stable diabetic subjects: 32.6 + 0.4 ~ brittle diabetic subjects: 32.4 + 0.6 ~ Initial plasma glucose concentrations ranged from 10.0 to 16.3 mmol/1 (mean 13.6 mmol/l) in the stable diabetic patients and from 7.0 to 22.0 retool/1 (mean 12.7mmol/1) in the brittle diabetic patients, with no significant difference between the two groups (p> 0.05). Blood glucose concentration showed little change during the studies in all the diabetic patients, except in one brittle patient who became hypoglycaemic (blood glucose falling from 13.6mmol/l initially to 1.6 mmol/1 at 60 min) and who was treated with oral glucose. Figure 1 A-C shows the mean percentage changes in photoelectric plethysmographic signal amplitude at aprotinin and diluent injection sites in the normal subjects, stable and brittle diabetic patients, respectively. In all groups there was an immediate increase in local blood flow after aprotinin injection, reaching a peak by 2 min. At the diluent site, the smaller immediate rise was followed by a rapid decline to close to baseline values at 20 min. Percentage increases at the aprotinin site were significantly greater than those at the diluent site after 2 min in all groups, except at 60 min in the brittle diabetic patients. There was no significant difference in the percentage increases in blood flow at the aprotinin site when groups were compared with each other, except that the 60 min value was significantly less in the brittle diabetic group than in the other two groups (p < 0.05), the blood flow having returned to baseline values in three of the brittle diabetic subjects. Two of these patients were those who had previously been given insulin-aprotinin mixtures without clinical benefit. As hypoglycaemia could affect skin and subcutaneous blood flow, the results were re-examined omitting the single brittle patient who became hypoglycaemic during the test, when the statistical significance of the 60-min timepoint differences remained the same.
In the subject examined on a further four occasions, the coefficient of variation of percentage change in sig- and of aprotinin diluent (Cv---O) in A five normal subjects, B five stable and C five brittle insulin-dependent diabetic subjects. Symbols with vertical bars represent mean _+ SD at each time-point. *p < 0.05 ; **p < 0.02; ***p < 0.01: significance of differences between aprotinin and diluent sites at each time-point nal amplitude was 14.2% and 15.1% at 20 and 30 min respectively, after the initial variable phase had faded. After 45 min, the response was again more variable.
Discussion
Although there is evidence that increased subcutaneous insulin degradation is the primary defect in the very rare patients with massive subcutaneous insulin resistance [1, 2] , doubts have recently been raised as to whether this is a major factor influencing insulin absorption and metabolic control in other diabetic patients, particularly those with brittle diabetes [7, 9, 12, 13] . Subcutaneous tissue biopsies from brittle diabetic patients whose subcutaneous insulin dose was significantly greater than in stable diabetic patients, showed no greater insulin-degrading activity in vitro than subcutaneous tissue from stable diabetic patients and from normal subjects [9] . Although mixtures of aprotinin and insulin are reported to improve metabolic control and reduce insulin requirements in some diabetic patients who are resistant to high doses of insulin administered subcutaneously [4, 5] , it is ineffective in other such patients [7, 8] as was the case for two of the brittle diabetic patients in this study. In one patient with persistent hyperglycaemia and ketonaemia despite several thousand units of insulin administered subcutaneously per day, aprotinin was ineffective both subcutaneously and intravenously, and also caused anaphylaxis [6] . However, this patient may be different from those with massive subcutaneous insulin resistance and brittle diabetes as she was also resistant to intravenous insulin, having only very low free and total insulin levels despite intravenous administration of up to 20,000 units/day.
Aprotinin has been shown to augment subcutaneous insulin absorption in non-diabetic subjects [14] , but has been reported to have no effect in non-insulin dependent diabetic patients [12] .
In the present study, the transient hyperaemia at the diluent injection site is similar to that caused by simple needle insertion or injection of saline and weak alcohol solutions [11] . However, the sustained increase in photoelectric plethysmographic signal amplitude seen at the aprotinin injection site suggests that aprotinin causes local hyperaemia when injected subcutaneously into normal and most diabetic subjects. As blood flow is thought to influence insulin absorption [13] , aprotinin could therefore accelerate insulin absorption in those subjects who show this response. Impairment of this hyperaemic action might contribute to the failure of some brittle patients to respond clinically to insulin-aprotinin mixtures, as was the case for two of our brittle subjects. Because of the risk of anaphylaxis with repeated use of aprotinin [6] , we did not attempt therapeutic trials of aprotinin in any other subjects.
We recently reported [11] that insulin itself injected subcutaneously causes local hyperaemia in normal and stable diabetic subjects, which could assist its own absorption. This hyperaemia is absent in brittle diabetic patients, suggesting that impaired local vascular responses may be the primary cause of brittleness, rather than increased insulin degradation. When effective in brittle diabetic subjects, aprotinin might act by causing local hyperaemia which injection of insulin alone fails to induce in these patients.
